Alternatives for milk recording centers in dealing with records of cows subject to bST treatment are 1) Receive bST records together with "normal" records, i.e., from cows not given bST, without any special coding, and estimate transmitting abilities from this mixture of records ignoring potential systematic differences between animals created by bST. In this way, bST would be treated like other management factors, such as differential feeding of concentrates, which may affect cow production and within herd variances dramatically under present systems of evaluation. 2) Require farmers to record source of bST, dosage administered, and dates individual cows began and ceased receiving it. This would facilitate the development of adjustment factors so that records could be standardized to a bST treatment of constant dose and duration or to a bST-free basis. Alternatively, the model of genetic evaluation could be modified to account for bST.
Preliminary research (3) over several lactations on the same cows indicates that it may be advisable to initiate bST when the cow is in positive energy balance and pregnant, i.e., 90 to 120 d of lactation. This study assumed that bST use would follow such a pattern, and attempted to speculate on different strategies of use of bST, as influenced by a limited supply or high cost, in herds that have records in progress on cows, and the cows' sires' estimated transmitting abilities (ETA) available for decision making. More specifically, the ramifications of the first alternative were examined attempting to speculate on strategies of bST allocation on a within-herd basis, and their implications on the accuracy of genetic evaluation of dairy cattle, and to investigate the effect of such strategies on within-herd variances and sires' ETA in a simulation study of first lactation milk yield records.
MATERIAL AND METHODS
A simulation study was carried out modeling the effect of bST on first lactation milk yield. Various strategies that might be adopted by dairy farmers, potential modes of action of bST, and correlations between performance of heifers with and without treatment were considered. First-calf heifer records only were simulated for simplicity and because most current sire evaluation schemes rely on first lactation records.
Strategy for Use of Bovine Somatotropin
If bST became commercially available, dairy farmers would begin to chose among a number of perceivable strategies. The following were considered in the simulation:
1. Strategy A: A proportion of herds (assumed to be two-thirds of all herds in this study) use bST on all heifers in the herd. 2. Strategy R: A proportion of herds (again assume two-thirds of all herds) use bST but only on some animals (assumed to be two-thirds of all heifers in the simulation, chosen at random. 3. Strategy Y+: As R, i.e., a proportion of heifers in a proportion of herds receive bST, but allocation is on the basis of production, choosing heifers with the highest milk yield. 4. Strategy S+: As R but designating heifers for treatment that have sires with the highest genetic merit in the herd. 5. Strategy Y-: As Y+ but allocating bST to heifers with the lowest yield. 6. Strategy S-: As S+ but chosing daughters of sires with lowest genetic merit (of all sires in the herd) to be treated.
These strategies have practical rationales. Strategies Y+ and S+ could be favored if a dairy farmer wishes to maximize production by treating cows with highest yields or by using sires with highest proofs for milk production. Alternatively, strategies Y--and S--may be adopted by farmers wanting to improve yields of lower producing animals and to avoid stressing high producers. This would also increase uniformity of production within herd.
Simulation
Data were generated for daughters of i00 sires distributed at random over 200 herds of size 10 to 50 heifers. This yielded about 6000 records per data set, i.e., on average 30 records per herd and 60 daughters per sire. Performance without bST (MY) and with bST treatment (MY*) was simulated as correlated traits for three constellations of genetic (r G) and phenotypic (rp) correlations: 1. High (H): r G = 1.0 and rp = .8; 2. Intermediate (M): r G = .8 and rp = .8; and 3. Low (L): r G = .6 and rp = .6. Phenotypic means and standard deviations (within herds) were 5000 and 900 kg for MY and 6000 and 1080 kg for MY*. This gave a coefficient of variaton of 18% for both traits, i.e., the 20% increase in production due to bST was assumed to be accompanied by an effect of scale on variability. Sire effects and residual errors were sampled as random normal deviates for a heritability of 25% for both MY and MY*.
Two possible responses to bST treatment were considered. 1) Constant: bST increased the phenotypic mean by 20%, i.e., MY* for all animals was distributed around a mean of 6000 kg. For correlations of unity between MY and MY*, this would have produced a multiplicative effect (i.e., MY* = 1.20 MY). Obviously, for correlations assumed in this study, there was some variation in the ratio of MY to MY* for individual animals. 2) Variable: Increase in yield varied with production, with lower producing cows showing relatively larger responses. This was modeled as a yield x treatment interaction, assuming a decrease in response by 5% for an increase in MY by 1000 kg. Hence, MY* for each cow sampled around a phenotypic mean depending on her MY of 5000 [120 -5 (MY --5000)/1000]/100 = 7250 --.25 MY [kg] . For perfect correlations, this would have given a response of 25% for cows producing 4000 kg without bST, and of 15% for a MY of 6000 kg. Together with the six strategies of allocation outlined, this yielded 36 cases examined. For each 100 replicates were carried out.
In practice, strategies S+ and S-would entail allocation of bST according to sires' proofs, based on the performance of previous daughters or pedigree indexes. For the simulation, these were replaced by sires' true genetic values for production without bST as sampled. Conceptually, this was equivalent to using proofs estimated unbiasedly and with perfect accuracy, which obviously is never the case. However, this approach could be regarded as a "worst case scenario", i.e., effects of bST under S+ and S-are likely to be somewhat less pronounced for estimates of sires' genetic merit based on limited information. Similarly, strategies Y+ and Y-would, in practical circumstances, utilize information on part lactation yield prior to bST, say 90-d yield. For simplicity, lactation yield without bST was used in the simulation to rank cows within a herd phenotypically. This implied the assumptions of equal heritabilities and of genetic and phenotypic correlations of unity between part and complete lactation yield.
Sires' ETA were obtained by BLUP under a sire model using a variance ratio of 15, corresponding to the heritability simulated. The ETA were determined independently (i.e., in univariate analyses) from "normal" milk records, henceforth referred to as data set 1, and depending on the allocation strategy, from a mixture of bST-free (MY) and bST records, henceforth called data set 2.
Criteria for Comparison
Three major criteria were utilized to compare the impact of various bST allocation strategies on sire evaluation:
Variance. Within herd standard deviations were computed and averaged over herds for bST-free records (SD1) and a mix of records from treated and untreated cows (SD2). Let ~t and ~2 denote the estimates of sires' genetic merit based on data sets 1 and 2, respectively. The ratio of the variances of the two estimates, VR21 = Var (s2)/Var (~1), was used as a second measure to assess the effects of changes in means and variances due to bST on sire ETA. The larger the VR21, the more estimates ~2 are spread out in comparison to ~1, i.e., the more differences between sires have been increased by bST treatment.
Accuracy. The second criterion for comparison was the accuracy of sire evaluation. Define So as the true transmitting ability for production without bST and sbS T as the corresponding value with bST treatment. Accuracies were then calculated as the correlation between sl and So (= rTI) for untreated records, and between ~2 and So (= rTI*) for a mixture of treated and untreated records. It is perceivable that, eventually, the breeding goal will shift to selection for milk yield using bST. Then the measure of accuracy of interest will be the correlation between s2 and SbST. This was not examined here because, as outlined, it is a function of rTI and the correlations between MY and MY*.
Bias. In addition to the accuracy, i.e., the degree of association between the true genetic merit and its estimate, the magnitude of deviations between estimates and true value is of interest. This gives some indication of potential malpredictions of response to selection: bST may not affect the accuracy substantially in some cases but, o'n the other hand, ETA may not accurately predict the performance of future daughters. The following quantities were examined to assess the bias in evaluation due to unidentified use of bST: 1) the mean absolute difference (Di2) between estimates of sires' ETA without (gl) and with (~2) bST, 2) the mean absolute deviations of ETA from the true value (So), D10 and D20 for sl and s2, respectively, and 3) a measure of bias in s2, derived from the difference in sampling variances of the two estimates, B(s2 ) = X/Var (s2 -So)-Var (sl -So). This quantity reflects both the bias in ETA due to bST and the effect of altered variance.
R ESU LTS Variances
Mean within-herd standard deviations are given in Table 1 . For strategy A, i.e., 100% of heifers in 67% of herds receiving bST and a constant increase in production due to bST, the average value of SD2 of 1011 agreed well with its expected value of 1020. It appeared independent of the correlations. In contrast, if reponse to bST was variable, the mean value of SD2 decreased by about 10% in comparison to the former (Strategy A but with constant response to bST). This was a result of the relatively greater increase in yield of the lower producing cows under this mode of action of bST, which resulted in a distribution of records closer to the mean in the treated herds. The effect of the yield x treatment interaction modeled here on variability is illustrated in 
e " bST t r e a t m e n t , i.e., 100% of cows in 100% of herds. Correspondingly, t h e variance of ]2 was less t h a n of ]1, i.e., VR21 was less t h a n unity, as o p p o s e d to values of 1.1 to 1.3 for a c o n s t a n t effect of bST o n yield (Table 1) .
Strategy R involved r a n Figures 2.1 a n d 2.2 for a c o n s t a n t response to bST, t h e differential in m e a n s created u n d e r strategy R seemed to have a similar effect on w i t h i n herd variability t o strategy A. T h e value for SD2 of 1044 ( c o n s t a n t Figure 2 . Distribution of within-herd standard deviations without treatment (unshaded), and with bovine somatotropin (bST) treatment (with cross-hatched bars representing the subset of treated herds and lined bars the distribution for untreated herds 'stacked' upon the distribution for the former, so that the whole shaded area gives the distribution for all herds when bST is used); assuming genetic and phenotypic correlations of .8. 1) All cows in two-thirds of herds treated (A); 2) two-thirds of cows in two-thirds of herds treated at random (R); 3) two-thirds of cows in two-thirds of herds allocated to bST according to high yield (Y+); and 4) twothirds of cows in two-thirds of herds allocated to bST according to low yield (Y-). response) suggested a difference in means between treated and untreated cows of about 944 kg, which agreed with the simulated increase due to bST of 1000 kg (20% of 5000 kg for constant response).
i b u t i o n of records w i t h i n herd was b i m o d a l , i.e., t r e a t e d a n d u n t r e a t e d cows sampled a r o u n d d i f f e r e n t means. Ignoring this difference inflated t h e w i t h i n -h e r d standard deviation. As d e m o nstrated in
Strategy Y+ produced the greatest increase in within-herd standard deviation, SD2, since in herds using bST, the mean of the highest yielding cows was increased (by up to 20% for constant response to bST) while the mean of the lower third of cows remained unchanged. This is illustrated in Figure 2 .3. The within-herd difference in means between treated and untreated cows corresponding to a value of SD2 of 1222 (Table 1 ) was 1973 kg. Strategy Y+ increased the ratio of variances of sire ETA substantially, reflecting differences between sires in proportions of daughters treated. An empirical correlation between sires' genetic merit, So, and percentage of daughters treated of .68 and -.67 was observed for Y+ and Y-, respectively, while values for A and R were essentially zero.
Strategy S+, allocation of bST within herd on the basis of sires' genetic merit, also increased within herd standard deviations substantially over A and R but less so than ¥+. This was a function of the variation within progeny groups, which caused the differences in means between treated and untreated animals to be less than for Y+. Conversely, S+ introduced a strong association between proportion of daughters treated and sires' true transmitting ability (empirical correlation .83), resulting in an increase of the variance of ]2 to about four times that of sl.
A11 four strategies discussed so far produced a slight increase in SD2 for low (L) correlations when response to bST was variable. This likely occurred because yield without bST for this constellation was a poor indicator of yield with treatment.
Strategies Y-and S-were mirror images of Y+ and S+. Both resulted in greatly reduced within herd standard deviations, as shown in Figure 2 .4 for Y--, because the means of the lower producing cows or progeny groups, respectively, were increased. Analogously, the variance of ]2 got reduced dramatically, especially for low correlations between performance with and without bST, and if response to bST was greater at low production (variable response).
Accuracy
Correlations between sires' ETA from data sets I and 2, sl and s2, and the accuracy of evaluation (rTl*) are summarized in Table 2 . The accuracy of evaluation based on bST-free records, rTi, agreed with its expected value of .89 for a heritability of .25 and a progeny group size of 60 (Figure 3.1) . If all cows in all herds were treated, rTi* would be the accuracy of evaluation based on a correlated trait (MY*), which depends on rTI and the genetic correlation between the two traits. As shown in Table 2 , rTi* decreased for strategy A from .88 to .78 and .67 (constant response to bST) for genetic correlations between MY and MY* of .8 and .6. If response to bST was variable, corresponding values of rTl* were somewhat lower, reflecting a reduction in genetic correlation due to the yield × treatment interaction.
Accuracy and correlation between proofs were higher for strategies R, Y+, and S+ than for A. This increase was in part due to the decrease in proportion of cows treated under these schemes (44% versus 67% for A). As illustrated in Table 2 and Figure 3 .2, for random allocation of bST treatment (R) to a proportion of animals, accuracies of sire evaluation are not substantially affected.
Values for Y+ and S+ were higher than for R. This increase could be attributed to an enhancement of genetic differences between animals at the high end of the scale under these strategies, as illustrated in Figures 3.3 and 3 .5. Conversely, correlations were greatly reduced for Y-and S-, as treatment of low yielding cows or of cows with low genetic potential tended to mask differences between animals ( Figures 3.4 and 3.6 ). For S--, the strategy that allocated bST to sire progeny groups with lowest genetic potential, values for rTI* ranged from -.28 to --.12 pin-pointing gross misranking of sires. Certainly, any system of bST allocation which is directed towards yield or pedigree groups within a herd (or utilizes other information correlated to genetic merit) will distort genetic evaluation schemes for sires and COWS. Table 3 gives the mean absolute differences between ]1 and s2 and ]2 and So and the TABLE 2. Accuracy of sire evaluation (defined as correlation between true and estimated transmitting ability, rTl*) with bovine somatotropin (bST) and the correlation between estimates with and without bST r(~ 1 , ~ ) for different strategies of bST allocation, response to bST, and genetic (rG) and phenotypic (rp) correlations. 2) and D20 agreed closely and were generally higher than D12. As expected, bias in sire rankings was greatest for strategies S+ and S-. Most reranking of sires occurred under S-as sires of low genetic merit had substantially improved ratings due to treatment of their daughters. Differences and estimates of bias for strategies Y+ and Y-were intermediate.
Bias

DISCUSSION
Administration of bST to all females in milk recorded herds (strategy A) or on a random basis to some females (strategy R) will increase the mean and (within-herd) variance of lactation yield. Any increase in variance caused by the increase in mean i.e., a scale effect, can be removed by a logarithmic transformation of the data. Such scaling, however, is not expected to account for the effects of differences in means between treated and untreated animals on within herd variability.
This study indicates that, for high to moderate genetic and phenotypic correlations between performance with and without treatment, accuracy of sire evaluations will remain very high in this case, i.e., for strategies R and A, with little potential to bias sire proofs. Only if bST interacts with production or genetic potential of females or if genetic and phenotypic correlations of production with bST and in the bST-free environment are relatively low, will accuracy of sire ratings decrease and bias increase. It is unlikely that these problems will Sires' estimated transmitting abilities, based on a mix of bovine somatotropin (bST) and bSTfree records versus true transmitting ability for production without bST for genetic and phenotypic correlations of .8. 1) No bST used; 2) treating two-thirds of cows in two-thirds of herds at random (R); 3) treating two-thirds of cows in two-thirds of herds according to high yield (Y+); 4) treating two-thirds of cows in two-thirds of herds according to low yield (Y-); 5) treating two-thirds of cows in two-thirds of herds according to high sire proofs (S+); and 6) treating two-thirds of cows in two-thirds of herds according to Iow sire proofs (S-). be significant; however, they do require attention, and experimental data must be pooled and analyzed. If either of these potential problems is found to be important, it will be necessary, for each cow, to record the product, dosage, and duration of bST used, and appropriate adjustment of milk records will be required. On the assumption that use of bST under strategies A or R is an inconsequential source of error, milk recording agencies may advise farmers to adopt either strategy and continue with the present sire evaluation procedures.
Evidence is presented to indicate that nonrandom allocation of bST on a within-herd basis will alter variance of records, reduce accuracy of sire ratings, and, in some cases, substantially bias them. If dairy farmers allocate bST to cows in a nonrandom fashion, recording of product, dosage, and duration of bST treatment may allow, in part at least, removal of their effects on production. However, such adjustments will not be as accurate as treating all cows in each herd alike and are dependent on accurate and honest recording on the part of the dairy farmer.
What is the appropriate method of analysis when some herds are using bST and others are not? If genetic correlations between expressions of milk yield with and without bST are unity, records can be pooled (after some adjustment, e.g., for differential variances) and one set of single-trait BLUP sire ratings can be computed. If, however, genetic correlations are TABLE 3. Bias in sires' estimated transmitting ability (B(~ a )) and mean absolute differences between estimates based on records with and without bovine somatotropin (bST) (Dla) and between the former estimate and the true transmitting ability (Da0), for different strategies of bST allocation, reponse to bST, and genetic (rG) and phenotypic (rp) correlations. 
